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[Abstract] 

i A silicon substrate features a first region and a second region. In the first region there are 

"-■ pores passing all the way through. In the second region there are pores that do not pass through 
4 the substrate. Manufacture of the workpiece is effected by means of electrochemical etching of 
s the pores, by covering the entire surface of the substrate with a mask layer which is structured by 
* photolithography upon the back side of the substrate, and by etching away the bottoms of the 
1 pores in the second region, preferably with KOH. 

^ Description 

Various technical applications require perforated workpieces, especially as valuable 
'■ optical or mechanical filters with pore diameters in the micrometer or sub micrometer range. 
' <■ These applications are as isoporous membranes, back-flushing filters, laminizers, catalyst 
t "V carriers, reagent carriers, elect rodes for batteries and fuel cells, spinnerets, tube grids, or filters 
J for electromagnetic waves, such as light or microwaves, for example. 
- ^ A method is known for the manufacture of a perforated workpiece from 

« o DE 42 02 454 CI, whereby pore diameters in this range can be produced. With this method, in a 
f 7 first surface of a substrate wafer of n-doped, monocrystalline silicon, pits perpendicular to the 
i-i first surface are formed by electrochemical etching so that a structured layer is obtained. The 
< ^ electrochemical etching takes place in a fluoride-containing electrolyte, wherein the substrate is 
\j connected as the anode. When a depth of the pits is reached that corresponds essentially to the 
l f thickness of the finished workpiece, the process parameters are changed so that the cross section 
i v of the pits increases and the structured layer is detached as a lamina from which the workpiece is 
2) formed. 

7<3 Since it is necessary for the manufacture that neighboring pits must grow together, the 

t f shape of the manufactured, perforated workpiece corresponds to the shape of the substrate wafer, 
ft The perforated workpiece is thus permeat ed withjpares. o ut to the ed ge. Thus the mechanical 
Z ? strength of the perforated workpiece is limited. 

The invention is based on the problem of specifying a perforated workpiece, and also a 
method for its manufacture, that will have an increased mechanical strength. 

According to this invention, this problem is solved by a perforated workpiece according 
to Claim 1 and by a method for its manufacture according to Claim 4. Additional embodiments 
of the invention are indicated in the dependent claims. 

The workpiece has a substrate of silicon which is divided into a first region and a second 
region. In the first region there are pores that pass through the substrate from a first main surface 
to a second main surface. The workpiece is perforated in the first region. In the second region 
there are pores that emanate from the first main surface and extend into the substrate, but do not 
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pass through the substrate. Thus, there is solid substrate material underneath the pores in the 
second region that increases the stability of the perforated workpiece. The perforated workpiece 
can therefore be assembled with little danger of being destroyed. 

The thickness of the substrate in the direction of the depth of the pores is preferably 
greater in the second region than in the first region. 

By the provision of several first regions, various filter regions can be defined, in 
particular for applications as a catalyst or reagent earner. 

For mounting or assembly of the perforated workpiece, it is better to provide a 
ring-shaped second region and to locate the first region within the second region. In this case, the 
solid edge in the second region acts as a frame for the perforated workpiece. 

Preferably the perforated workpiece is produced by the application of electrochemical 
etching. To do this, pores are created in a first main surface of the silicon substrate by 
electrochemical etching. The depth of the pores is less than the thickness of the substrate. The 
first main surface and the surface of the pores, and also a second main surface located opposite 
the first main surface, are all covered with a mask. In the area of the second main surface, the 
mask layer is structured so that the second main surface is exposed in the first region. By use of a 
structured mask layer as an etching mask, the substrate will then be etched in the region of the 
exposed, second main surface at least as far as the bottom of the pores. Then the mask layer is 
removed so that the pores located in the first region will pass through the substrate from the first 
main surface to the second main surface. 

The mask layer is made preferably of Si3N4 or Si(>2. 

Etching of the substrate to form, the transiting pores in the first region is preferably 
implemented with KOH. Thus, in the second region, an edge region with a surface with a <1 1 1> 
orientation is obtained in the area of the second primary surface. 

Electrochemical etching is carried out in a fluoride-containing, acidic electrolyte, where 
the substrate is connected as the anode in an electrolytic cell. Since the substrate is connected as 
the anode, the minority charge carriers in the silicon migrate to the first main surface in contact 
with the electrolytes. A space-charge zone forms there. Since the field strength in the area of the 
recesses in a surface is always greater than outside of it, the minority charge carriers migrate 
preferentially to those depressions which are present in a statistical distribution in each surface. 
The result is a structuring of the first main surface. The deeper an initially small unevenness due 
to the etching is, the more minority charge carriers will move there due to the increased field 
strength, and thus the etching attack will also be more powerful at this site. The pits will grow in 
the substrate in the crystallographic <100> direction. 



Preferably, an electrolyte with a concentration of 2-10 wt% of HF is used. For the 
electrochemical etching, a voltage of 1.5-3 V will be applied. This will produce 20 \xm pores 
size. At a substrate doping of 5 Q cm, the diameter of the perforations will preferably be about 
2 |jm. 

To adjust the power density in the substrate, it is preferable to illuminate the second main 
surface of the substrate during electrochemical etching. 

The invention will be explained in greater detail below, based on one embodiment that is 
illustrated in the figures. 

Figure 1 shows a cross section through a substrate which has pores emanating from a first 
main surface. 
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define the first regions and second regions. 

Figure 3 shows a cross section through the substrate after etching of the substrate down to 
the bottom of the pores. 

Figure 4 shows a cross section through the substrate after removal of the mask layer. 

Figure 5 shows a top view of the workpiece illustrated in Figure 4. 

A substrate 1 made qf n ^oped, monocrystalline sifi£on ^vith a resistivity of 5 Q cm is 
provided with a surface topology on a first main surface 2. This surface topology is composed of 
depressions which are arranged at regular intervals and are produced by the use of 
photolithographic processes with alkaline etching. Alternatively, the surface topology can be 
formed by light-induced, electrochemical etching. 

The first main surface 2 of the substrate 1 is placed in contact with a fluoride-containing, 
acidic electrolyte. The electrolyte has a hydrofluoric acid concentration of 2-10 wt%, preferably 
5 wt%. An oxidizing agent, for example, hydrogen peroxide, can be added to the electrolyte in 
order to suppress the development of hydrogen bubbles on the first main surface 2 of the 
substrate 1. 

The substrate 1 is connected as the anode. A voltage of 1.5-5 V, preferably 3 V, is 
applied between the substrate 1 and the electrolytes. The substrate 1 is illuminated by ordinary 
light from a second main surface 3 located opposite the first main surface 2, so that a current 
density of 10 mA per cm 2 is obtained. During the electrochemical etching, pores 4 are created, 
starting from the depressions, which run perpendicular to the first main surface 2 (see Figure 1). 
After an etching lime of 4.5 hours, the pores 4 attain a depth of 300 pm, measured from the first 
main surface 2 in the direction of pore depth, and a diameter of 2 \xm. The distance between 
neighboring pores 4 amounts to 4 \xm. 
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A mask layer 5 of silicon nitride is formed by CVD deposition to a depth of 100 nm. The 
mask layer 5 covers both the first main surface 2, and also the second main surface 3, as well as 
the surface of the pores 4. 

By means of a mask (not shown) produced by photolithography, and by plasma etching 
with CF4/O2, the mask layer 5 is structured in the area of the second main surface 3 (see Figure 
2). The first regions 6 and second regions 7 are thus defined. In the first regions 6 the second 
main surface 3 is exposed. In the second regions 7, the second main surface 3 is still covered by 
the mask layer 5. The first main surface 2 and the surface of the pores 4 are likewise fully 
covered by the mask layer 5. 

By etching with KOH at a concentration of 50 wt%, the substrate 1 will then be etched at 
least as far as the bottom of the pores 4. Etching of the substrate 1 is effected to a depth of 
350 jam, measured from the second main surface 3, at a substrate depth of 625 |im. Thus, the 
surface of the mask layer 5 is exposed in the first regions 6 in the vicinity of the bottom of the 
pores 4 (see Figure 3). During etching with KOH, the etching attack moves along preferred 
crystallographic directions, so that edge regions 71 are formed at the edge of the second regions 
7 that have a surface with <111> orientation. 

By removal of the mask layer 5 with 50 % (by weight) HF, a perforated workpiece is 
obtained which has transiting pores 4 in the first regions 6 (see Figure 4). The second regions 7, 
in which the pores do not pass all the way through the substrate 1, are adjacent to the first region 
6. The second regions 7 provide stability to the perforated workpiece. 

The first regions 6 have different shapes in the different areas of the perforated workpiece 
(see top view in Figure 5). The first regions 6 can be covered with a number of pores over a large 
area, for example, in a square or quadrilateral shape, or they can be configured with a row of 
pores, or they can be covered with pores in another configuration. Due to etching with KOH to 
expose the bottoms of the pores 4 in the first region 6, the first region 6 is surrounded by the 
edge region 71 of one of the second regions 7. The geometric shape of the second regions 7 is 
selected according to stability requirements. It corresponds to bars, a grid, individual windows, a 
corrugated frame, or identification features. 

As an alternative, the mask layer 5 can be formed by thermal oxidation from Si02. 

Claims 

1. Perforated workpiece 

— in which a substrate (1) of silicon having a first region (6) and a second region (7) is 
provided, 

— in which there are pores (4) in the first region (6) that pass through the substrate (1) 
from a first main surface (2) to a second main surface (3), 
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